Assessment of the reliability of the locomotive based on statistical methods of quality management by Kazantseva, N. K. et al.
IOP Conference Series: Materials Science and Engineering
PAPER • OPEN ACCESS
Assessment of the reliability of the locomotive based on statistical
methods of quality management
To cite this article: N K Kazantseva et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 666 012054
 
View the article online for updates and enhancements.
This content was downloaded from IP address 212.193.78.232 on 15/10/2020 at 07:23
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
Quality Management and Reliability of Technical Systems




Assessment of the reliability of the locomotive based on 
statistical methods of quality management 
N K Kazantseva, E P Kharlamov, G A Tkachuk, T V Kazantseva 
Department of metrology, standardization and certification, Federal State Autonomous 
Educational Institution of Higher Education «Ural Federal University named after the 
first President of Russia B.N.Yeltsin», 620002, 19 Mira street, Ekaterinburg, Russia  
 
Abstract The lack of reliability of the diesel locomotive operation leads to a decrease in the 
technical and economic efficiency of using the locomotive service of the enterprise. During the 
experiment which aimed at assessing the reliability of repair and maintenance of a diesel 
locomotive in one of the railway divisions of OJSC “Russian Railways”, it was found that the 
failures may be distributed by types of equipment, based on the failures for 12 months of 2017. 
Statistical quality management methods were used to identify the most problematic types of 
locomotive equipment and specific causes of failures. 
 
1. Introduction 
The quality of the technological equipment used is one of the most important criteria determining the 
stability of an enterprise, its image and economic efficiency of performance. Railway transport is of 
particular importance for the development of the Russian economy, since it provides transportation of 
passengers and cargo throughout the vast territory of Russia [10-12]. A diesel locomotive is an 
autonomous locomotive, which represents an important element of the process equipment used by 
“Russian Railways” JSC (JSC RZD). 
2. The relevance and significance of the research 
The performance of a diesel locomotive as a technical system designed for the haulage of train is 
assessed by many technical indicators: power, speed, traction effort, fuel and electricity consumption, 
oil consumption, as well as such an important operational indicator as the reliability of a diesel 
locomotive. 
Insufficient reliability can lead to a decrease in the technical and economic efficiency of the entire 
locomotive service and an increase in the cost of transportation work, the need to perform unscheduled 
repairs because of failures of individual equipment, assemblies and parts of the locomotive. 
From the point of view of the theory of reliability, any technical object (system, device, element) can 
be characterized by its properties, technical condition and adaptability to recovery after the loss of 
working capacity [1, 13, 18]. The industry standard OST 32.46-95 provides the definition for the 
concept of "reliability" in relation to locomotives. For diesel locomotives, the main required function 
is the performance of operational work (according to the regulated purpose) with those properties 
which are set by the specifications, while ensuring traffic safety [2, 14, 20]. 
It should be noted that the operating conditions of the traction rolling stock are constantly becoming 
more complicated depending on the tonnage rating and the overhaul life, which obliges JSC RZD to 
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switch to locomotive maintenance, oriented towards reliability and safety. This approach is based on 
risk assessment and statistical methods of quality management [3, 17]. 
Safety and reliability measures of railway transport are regulated in such a way that the indicators of 
the accident rate of the infrastructure of JSC RZD should not exceed the established parameters of the 
Transport Strategy until 2030 [4, 15, 19]. 
Evaluation of the consequences of heavy traffic accidents on the railway revealed that the cause of 
accidents, collisions and derailments lies in the failures and defects that were not fixed and eliminated 
on time. Therefore, a method of forecasting and evaluating railway reliability is necessary to guarantee 
reliable operation of all equipment used on the railway.  
3. Research design 
In compliance with a comprehensive programme of the reorganization and development of national 
locomotive-car building, organization of repair and operation of passenger and freight rolling stock, a 
basic locomotive depot for repairing diesel locomotives in one of the JSC RZD divisions was 
determined. The main goal of this project is the organization of midlife and routine repair of diesel 
locomotives TR-3 based on the widespread introduction of mechanization and automation of 
technological processes, technical diagnostics and non-destructive testing tools, upgrading workplaces 
to modern sanitary and aesthetic requirements. 
During the experiment on repair and maintenance of diesel locomotives, based on the results of 
diagnostics in the base locomotive depot, such developments as the KIPARIS intelligent industrial 
automated rheostat testing of diesel locomotives and the KASANT technical diagnostics system were 
used. 
4. Theoretical part 
Modern approaches to quality management imply the introduction of monitoring systems for the 
quality indicators of objects at all stages of the life cycle. There are various methods of quality control 
of objects, one of which is a statistical method. To analyze the results obtained using the KIPARIS test 
complex and the KASANT system of technical diagnostics, it is advisable to apply statistical methods 
of quality management methods. The random nature of the processes is due to the influence of a large 
number of different, sometimes insignificant, factors and conditions, as well as their interaction [5,6]. 
Considering the quality problem as a result of the malfunctioning of a certain system, one can attribute 
the changeability in functioning of the system to the effects of random factors and conditions and 
investigate this system using statistical methods [7, 16]. One of the statistical methods of quality 
management is the Pareto chart [8,9]. 
The Pareto chart is used in identifying the causes and factors affecting the effectiveness of quality 
management. Pareto showed that in most cases the inconsistencies and the losses associated with them 
arise from a relatively small number of reasons. This method is used when it is required to present the 
relative importance of all identified nonconformities in order to take priority measures to implement 
corrective actions and analyze their effectiveness. Pareto chart allows to identify the main reasons 
which are a starting point to improve the quality of the object. 
 
5. Results 
In the course of the work, the distribution of cases of failures which occurred in 2016 and 2017 was 
analysed. According to the data of the KASANT system, in 2017 there were 670 cases of failures of 
equipment of diesel locomotives, which exceed the number of cases for the same period of 2016. 
Comprehensive data on the number and types of locomotive equipment failures is presented in 
Figure1. 
Quality Management and Reliability of Technical Systems





Figure 1. Distribution of cases of failures occurred for 12 months by types of equipment of diesel 
locomotives. 
It has been established that there was an increase in failures because of malfunctions of: diesel and 
auxiliary equipment - by 25 cases; electrical equipment –– by 33 cases; on traction electric machines - 
by 5 cases; on the ventilation system - by 7 cases; for auxiliary electric machines - by 4 cases. 
Using the Pareto chart, we identified the most significant failures of diesel locomotives. Figure 2 
shows a diagram of the distribution of failures in 2017. 
The Pareto chart, which characterizes the distribution of failures by equipment group, shows that 
diesel and electrical equipment, as well as traction electrical machines, are in the risk zone. These 
types of equipment are subject to more detailed analysis. 
Let us consider in which nodes of diesel equipment a failure can occur: the diesel engine itself, the 
water system, auxiliary equipment, the oil system, the gas exhaust system, the fuel system, and the 
diesel regulator. Figure 3 clearly illustrates the distribution of failures by these types of equipment. As 
a result of the analysis of cases of failure of diesel locomotives due to malfunctions of diesel and 
auxiliary equipment, it was established that the main causes of failure of a diesel locomotive are 
malfunctions of the diesel and water systems. 
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Figure 2. Distribution of cases of failures for 2017. 
 
 
Figure 3. Pareto chart for the number of failures for diesel and auxiliary equipment 
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The next one is the analysis of malfunctions by diesel (Figure 4): 
 
Figure 4. Pareto chart for the number of failures by diesel 
During the analysis of diesel malfunction cases, it was established that the main cause of the 
malfunction is the failure of the diesel air blowers (77 cases - 40.5% of the total), as well as the 
cylinder-piston group of the diesel (74 cases - 38.9% of the total number of failures). 
In the blower, there are two groups of failures: the failures of the turbocharger and the failures of 
the supercharger, which are distributed as follows: the turbocharger - 83.1 (64%), the supercharger - 
13 (16.9%). 
The main malfunction of the diesel blowers is the failure of the TK-34 turbochargers. In case of 
malfunction of this node, during the 12 months of the current year, 64 cases of failure or 83.1% of the 
total number of failures occurred. 
As can be seen from the diagram, the main cause of failure of turbochargers is the loss of oil 
through the turbocharger (Figure 5). This caused 29 cases of failures or 45.3% of the total. However, 
there are such failures as the breakdown of the hull in 12 cases or 18.8% of the total number, surge in 
5 cases or 7.8% of the total number in the risk zone, as well as coking of the nozzle in 8 cases or 7.8% 
of the total number. 
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Figure 5. Pareto chart for the number of failures by turbo-compressor 
Conclusion 
To assess the reliability of the diesel locomotive, a series of tests was carried out in the process of 
maintenance and technical maintenance using the special test complex KIPARIS and special 
diagnostic equipment KASANT. The obtained data were processed using factor analysis and a 
statistical method of quality control, i.e. Pareto chart. 
It is established that the main causes of failure of a diesel locomotive are faults in diesel and water 
systems, in which the main causes of diesel engine failures and the diesel locomotive water system are 
turbo-compressor failures (64% of the failures). Failure of the turbocharger leads to a supercharger 
failure. The main reason for the failure of the turbocharger is oil carryover. After identifying the 
causes of failures in the base depot, an action plan was drawn up to improve reliability and reduce the 
number of failures of a diesel locomotive. 
The statistical method of quality management used in this study allows not only to establish the 
number of failures in the locomotive units, but also to identify the primary causes of these failures. 
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